Background and Purpose-Prediction of short-and long-term prognosis is an important issue in acute stroke care. This metaanalysis explores the prognostic value of initial bed-side transcranial ultrasound in acute stroke. Methods-All studies prospectively applying TCCS or TCD within 24 hours of symptom onset in acute stroke, with a minimal cohort size of 20 patients, and reporting clinical outcome variables in relation to the vascular findings were included into this metaanalysis. Study quality was assessed by 2 independent reviewers. Results-Twenty-five studies with 1813 included patients identified by electronic and manual search fulfilled the inclusion criteria. Middle cerebral artery (MCA) occlusion was associated with a significantly increased risk for a fatal course of stroke (OR 2.46, 95% CI 1.33 to 4.52). Patients with patent MCA were more likely to clinically improve within 4 days than patients with MCA occlusion (OR 11.11, 95% CI 5.44 to 22.69). Full recanalization within 6 hours after symptom onset was highly significantly associated with clinical improvement within 48 hours (OR 5.64, 95% CI 3.82 to 8.31) and functional independence after 3 months (OR 6.07, 95% CI 3.94 to 9.35). Conclusions-Transcranial ultrasound provides important information on prognosis in patients with acute stroke. (Stroke.
F or treatment of acute stroke patients, prediction of short-and long-term prognosis is an important issue. Easy to apply measures to identify patients at risk of secondary worsening are also needed. Several studies reported a prognostic value of the initial neurovascular status assessed by transcranial color-coded duplex (TCCS) or Doppler sonography (TCD), which are noninvasive and can be applied at the patients' bed side. The aim of this metaanalysis was to determine the predictive value of early transcranial ultrasonography on outcome and the related effect sizes in acute stroke.
Methods
All studies prospectively applying TCCS or TCD within 24 hours of symptom onset in acute stroke, with a minimal cohort size of 20 patients, and reporting clinical outcome variables in relation to the vascular findings were included into this metaanalysis. Studies were identified by searching in electronic databases (Medline, ISI Web of Science, Current Contents, Google Scholar Edition) and hand searching in key journals as well as reference lists. The search spanned from 1982, the year in which TCD was introduced, to August 2006. No language restriction was applied. All manuscripts entered into the metaanalysis were scored by 2 independent reviewers who were blinded to each other's initial judgment regarding the quality. An 8 points score (Table 1) , which was based on the level of evidence criteria for prognostic studies (Center for Evidence-Based Medicine, Oxford, UK, http://www.cebm.net/levels_of_evidence.asp), was applied strictly, ie, for instance, when a manuscript did not explicitly state that the clinical observers were blinded to the ultrasound data, an unblinded study was assumed. Discrepancies were resolved by discussion; if this was not possible the lower quality score was applied. The agreement of the reviewers on the initial blinded evaluation of study quality was examined using an intraclass correlation coefficient. These analyses were carried out with SPSS 12.0 (SPSS, Inc).
The metaanalysis was performed with Review Manager 4.2 (Cochrane Collaboration). Both a fixed (Mantel-Haenszel procedure) and a Bayesian random effects model (DerSimonian-Laird model) were used. Because most studies reported the vascular status of the middle cerebral artery (MCA), MCA occlusions were compared with primary patent intracranial vessels regarding the dichotomous outcome variables. During analysis it became clear, that some monocentric studies of the same groups reported overlapping recruitment periods, so that analysis was performed with and without studies with potentially overlapping patient cohorts. In this case, the study of the respective group with the largest patient cohort was chosen. The effect of intracranial vessel occlusions on outcome was expressed as odds ratio. The Cochrane Q statistic was calculated to assess heterogeneity among the trials. Heterogeneity was assumed when the probability value was Յ0.1. Sensitivity analysis consisted of the comparison of fixed and random effects models, subgroup analyses regarding publication date and study quality, and funnel plots (odds ratio [OR] plotted against the standard error of log[OR]), if the number of studies was sufficiently high enough. 1,2 Sensitivity and Specificity for a specified clinical outcome and the presence of any type of MCA occlusion was calculated with Meta-DiSc 1.3, a free software package for meta-analysis of diagnostic and screening tests. 3 Clinical improvement was defined as either improvement in the National Institute of Health Stroke Scale (NIHSS) of Ն4 or the Canadian Stroke Scale (CSS) of Ն1 points. Independence or dependence in the activities of daily living after 3 months were defined as a modified Rankin Scale (mRS) score of Յ2 or 3 to 6, respectively.
Results
Search initially identified 494 studies. Four hundred twentyfive publications were excluded because of the following reasons: not focused on topic (398), nonsystematic reviews (24) , meeting reports, consensus statements, recommendations (9), studies on topic, but no use of ultrasound or only in follow-up (8) , studies without reported clinical outcome variables (7), TCD or TCCS Ͼ24 hour after symptom onset or no time reported when ultrasound was performed (7), cohort size Ͻ20 patients (8) . In 8 studies it was not possible to extract dichotomized outcome data related to the vascular status. Finally, 25 studies with a total cohort of 1813 patients were included in the analysis. 4 -28 Twelve studies examined the prognostic value of early ultrasound on clinical outcome in cohorts not treated with thrombolysis, 13 the effect of systemic or local thrombolysis (Table 2 ). Only 3 of 25 studies used a multicenter design, 22 studies were single center investigations. Only 6 studies had blinding of the clinical observers to the ultrasound data, or explicitly stated this fact. In only 8 investigations it was shown by multivariate analysis, that the ultrasound findings were independent variables.
Blinded agreement of 2 raters on the quality score for metaanalysis was excellent with an intraclass correlation coefficient of 0.85 (95% confidence interval 0.72 to 0.92, PϽ0.001).
Mortality
Without intervention by thrombolysis, presence of MCA branch or mainstem occlusion compared to patients presenting with acute stroke without intracranial occlusion diagnosed by ultrasound at hospital entry carried a significant risk of mortality within 3 months after symptom onset (nϭ535 patients), both when random or fixed effects models were used and studies with potentially overlapping cohorts 22 were excluded (nϭ524 patients; Figure 1 ). In only one of these studies the clinical observers were blinded to the ultrasound data, 10 in the remaining studies blinding was not performed or not specified. The consequences of a MCA mainstem occlusion were graver (OR 6.15, 95% CI 3.25 to 11.64, PϽ0.0001, heterogeneity Pϭ0.02, nϭ137 patients) than of a branch occlusion (OR 2.13, 95% CI 1.08 to 4.18, Pϭ0.03, heterogeneity Pϭ0.10, nϭ267 patients) compared to primary patent intracranial vessels. However, this comparison was affected by a significant heterogeneity. For predicting a fatal course MCA mainstem or branch occlusion had a sensitivity of 0.79 (95% CI 0.68 to 0.88) and a specificity of 0.39 (95% CI 0.34 to 0.43).
Clinical Improvement
Patent MCA versus MCA branch or mainstem occlusion diagnosed on hospital admission was associated with a significantly higher chance for clinical improvement within 4 days after symptom onset in cohorts not treated with thrombolysis ( Figure  2 ; nϭ329 patients 24 , nϭ83 patients) compared with a patent MCA on admission. Heterogeneity for this comparison resulted from the differences in study quality, with a markedly higher OR for a study quality Ͼ5. For lack of clinical improvement initial diagnosis of MCA occlusion had a sensitivity of 0.87 (95% CI 0.80 to 0.93), and a specificity of 0.59 (95% CI 0.52 to 0.65).
Functional Outcome
In only 3 studies it was possible to extract data on functional outcome after 3 months related to the initial vascular status without intervention by thrombolysis. 10, 12, 19 Patients with any type of MCA occlusion compared with initially patent MCA had a significantly higher chance to be functionally dependent after 3 months (OR 10, 12 However, we found an overall significant heterogeneity (PϽ 0.0004) between the studies. Only one study stated blinding of the clinical observers. All studies ascertained independence of the ultrasound data from other variables including initial stroke severity by multivariate analysis.
Effect of Vessel Recanalization
Full recanalization within 6 hours after symptom onset after initial diagnosis of MCA branch or mainstem occlusion in a 3-hour time window was highly significantly associated with Were the patients sufficiently homogeneous with respect to prognostic risk, ie inclusion of TIA or severely affected stroke patients only?
Was follow up sufficiently complete regarding the outcome parameters specified in the study, ie Ն80%?
Were standardized and validated clinical outcome criteria used?
Were clinical observers blinded to the ultrasound data?
Were effects of ultrasound variables on the clinical course ascertained by multivariate analysis, ie were ultrasound findings independent variables?
Was the study a multicenter study? However, this result was affected by a significant heterogeneity within the studies which partly was related to the study quality, but also a publication bias needs to be assumed based on the funnel plot (Figure 4) . In only two of the studies reporting ultrasound data related to clinical improvement clinical observers were blinded, 9, 27 in all other studies this was either not reported or not done. Consistently, without significant heterogeneity, full recanalization within 6 hours carried a significantly higher chance to be functionally independent after 3 months (OR 6.07, 95% CI 3.94 -9.35, PϽ0.00001, nϭ972 patients). 8, 10, 13, 17, 21, [25] [26] [27] 
Discussion
The main results of this metaanalysis are fairly clear and straightforward: Diagnosis of MCA mainstem or branch occlusion by TCD or TCCS on admission without thrombolytic treatment is affected with a significantly increased chance to take a fatal course (Figure 1 ). These patients also have a more than 10-times higher chance not to clinically improve within the first days after stroke compared to patients with primary patent intracranial vessels (Figure 2) .
Only 3 ultrasound studies examined the functional outcome of patients not treated with thrombolysis. Patients with MCA occlusion have a nearly 2-fold higher chance to be left functionally dependent 3 months after stroke. However, this result was suffered of significant heterogeneity between the studies. Obviously, the vascular status on admission carries important information on the clinical prognosis of acute stroke patients. It may also be possible to identify a subgroup of patients at particular risk of secondary deterioration.
However, these data have further implications: When planning studies on acute stroke treatments the initial vascular status is an important confounding variable and stratification is necessary, considering the fact that patients with primary patent intracranial vessels have a more than 10-fold higher chance to clinically improve within the first 4 days.
In patients with initially occluded MCA, recanalization within 6 hours after symptom onset is associated with a more than 5-fold chance for clinical improvement and functional independence 3 months after stroke. This is the rational for any recanalyzing therapy.
Eight of the 25 studies included in this metaanalysis were able to show that the ultrasound findings are independent from other variables especially the clinical impression and initial stroke severity. This is of relevance, because transcranial ultrasound is able to provide additional prognostic information as a bed-side method. For most tests for outcome sensitivity was better than the specificity, ie, false-negatives are less common than false-positives. This makes ultrasound a good screening test in these clinical situations. Although approximately 20% of transcranial ultrasound examinations suffer from insufficient acoustic penetration conditions, in more than 90% of these patients diagnosis is possible by application of ultrasound contrast agents. 29 Reservations regarding the application of ultrasound in the setting of acute stroke are frequently expressed. In a study comparing neurosonology with a reference method in 58 acute stroke patients 30 in 11 patients MRI was inconclusive or not possible because of extensive movement artifacts (6 patients) or contraindications (5 patients). In 8 further critically ill patients MRI was not performed because of insufficient ability to monitor vital parameters in the scanner. However, in 54 patients (93%) ultrasound examination was possible and conclusive. Transcranial ultrasound can serve as one of the methods to evaluate vessel status in acute stroke and seems especially useful for follow-up examinations.
During the first 3 hours after symptom onset nothing more than clinical knowledge, a simple computed tomography (CT) scan to exclude intracranial hemorrhage, and a watch are necessary to initiate systemic thrombolysis based on the current scientific studies. However, transcranial ultrasound may be used in the 3-to 6-hour time window to identify patients who might benefit from a bridging approach when systemic thrombolysis did not lead to recanalization 26 or who may profit from a primary interventional approach. 31 Relevant (Ͼ20%) MRI perfusion/diffusion mismatch seems to be able to select subgroups of patients even beyond 3 hours after symptom onset who profit from thrombolysis, although randomized trials are lacking. Surprisingly, only few studies have so far examined the relationship between the presence of a mismatch and the vascular status 32 : a relevant mismatch ratio (Ͼ 1.2) without vessel occlusion is rare (5%) and the presence of occlusion mirrors the presence of a mismatch with a sensitivity of 92% and a specificity of 95%. This again highlights the importance of knowledge of the vascular status of patients with acute stroke.
Several major shortcomings of the included studies have to be mentioned. Only 6 of the 24 studies (25%) implemented blinding of the clinical observers to the ultrasound data; in the remaining 18 investigations blinding was not performed or not explicitly mentioned. However, in the cases where a direct comparison of the effects in blinded studies and studies not mentioning blinding was possible in a sensitivity analysis, no marked differences could be observed. Twenty-two investigations were single center studies by 9 research groups with partly overlapping recruitment periods within the same group. Consequently, only 5 studies reached a quality score of Ն7 (Tables 1 and 2 ). Therefore, there is still great opportunity for improvement in the field of ultrasound research. These sources of bias have been recognized as far as possible in the sensitivity analysis.
Additional bias is introduced in this metaanalysis by unequal access to stroke unit treatment and certain treatment options such as decompressive craniotomy or thrombolysis in cohorts recruited in the 1990s. Another reason for heterogeneity also appears the variable ratios of MCA mainstem and branch occlusions as well as patent vessels ( Figure 5 ), which also depends on the time interval between stroke onset and ultrasound examination. Additional reason for bias is the heterogeneous treatments used. These factors could not be controlled for in this metaanalysis. Heterogeneity also results from the fact that several studies were accomplished to analyze specific stroke treatments rather than prognosis. Then it needs to be mentioned that the 25 studies in this metaanalysis originate from only 12 different groups introducing further bias as illustrated in Figure 4 . Stratification of our analyses by initial stroke severity would also be desirable, but could not be accomplished because the necessary data could not be extracted from the studies.
Considering these limitations of this metaanalysis the random effects model is probably more relevant than the fixed effects model. Both models have been included in the analysis.
In summary, this metaanalysis highlights the importance of the knowledge of the vascular status in acute stroke.
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